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Thies investigation was underteken to determine 
whether some one of several common shapes of handle for a 
generally~used type of switeh would provide for « mintoun 
of time required to operate the switeh. 

The time required by fifteen male operators to 
rotate 4 set of four switehes to four different angles 
using five shapes of switch hendles was measured, 

The overall averace times obtained (in hundredths 
of seconds) are as follows: 

a a od 
Handle 1 189.6 225.9 859.0 400.3 
Handle 2 17465 222.6 240.3 801.3 
Hondle S$ 1096.2 833.3 676.0 S171 
Hondle 4@ 6704 S281.0 251.7 296.8 
Hendle S&S 186.6 8236.5 875.5 315.0 

an @xamination of the data shows that the round 
ahapes of hendles provided for the higher operating tines 
while the generally rectangular shapes provided for the 
lower operating times. 
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ENTRODUCTION AND PURPOSE 

A peview of the literature shows that same con- 
sideration has been given te designing awilteh-handle 
shapes for appearance and indication of funetion*, In- 
quiries made at some of the leading electrical apparatus 
manufacturers, suo as General Electric Company, Westing- 
house Zleetric Corporation and Arma Corporation, reveal 
that industry has investigated the design of switeh-handle 
shapes for appearance, feel to the hand and, in some oases, 
to provide better leveraze for operation. 

Apparently little songideration has been given to 
designing the shape with the thought in mind of providing 
for minimum operating time”, as may be desired in the cose 
ef control panels for communication or radar equipment, 
computing machines and the like. Thus, this investigation 
was undertaken to determine whether seue one of several 
Common shapes of handle for a generaliy-used type of switeh 
would provide for a minimum of tine required to operate 
the ewiteh. 


l. Price, Wesley, Mn Pilote Make Histakes", saturday 
Evening Post, Ap 19, 1947, pe 16. 


@. Raines, Arnold, and Resenbloonm, 7. H., “Ideal Torques 
for Handwheels and knobs", weohine Design, August, 
1946, ppe 145-148, 
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The equipment used to seasure the tiue required 
by the several operators consisted of the fellowing: a 
plywood panel on which were mounted four ten-position 
rotary switehes (Figs, 1 and 2), a relay and a normally- 
Glosed sicroswiteh; a table upon whieh the panel, timing 
@loek and power supply rested; a chair for the operator; 

a direct-ourrent power gapply for the timing eloek and the 
relay; an electric olook whieh could be read to 1/lo0th of 
a second; od the required wiring. 

The chair, an unpadded, wooden, straight~backed 
piece of furniture, was placed so that its centerline oo~ 
incided with « line aldway between the four switches and 
at a @isteanee frem the panel dependent upon the forearm 
meagurenent of the operator. The panel was adjusted 
verticaliy ao that the elbow of the operator, when seated 
ang when the upper arm was vertieal and held against the 
side with the forearm at right angles to it, was ten inches 
below the center line of the switehes. The dimensions and 
layout of the equipment are given in Figures 1, 2 and 3G. 

the qitehesa used were conmercially-obtalned, 
ten-position wafer switches with epring ball detents, The 
averace maximum torque requireé te rotate the switehes from 
ene detent to the next was three inch-pounds, The ewiteh 
handles were aluo comercialiy-obtained. For the shapes 
an@d dimensions of these handles see Figures 4 and 5, 
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C tock O.C Supply 


Fige 1 


Layout of equipment 
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Pige 2 View of equipment in operation 


Fige 3 Rear view of equipment 
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Fige 4 Switch handles 
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Handle #1 Handle #2 


Handle #3 


Handle #5 


Vimensions of switch handlese 


Fige 
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The plane of rotetion of the owitehes was vertical 
and the switches were rotated in the clockwise direotion 
only. The test was lisited to clockwise rotation in order 
to oliminate the effect of opposite directions of rotation, 
The angular positions of the switches were marked on the 
panel by quarter-inoh wide colored stripes: black for the 0 
degrees or vertioal position; light blue for the 50 degree 
position; bright red for the 60 degree position; yellow for 
the 90 degree position; light green for the 120 degree 
position; gold for the 150 degree position; and blaek for 
the 100 degree position. Sach switeh handle was marked 
with a one-sixteenth ineh wide white stripe (Figs. 4 and &) 
whieh served as an index. The background around the ewitoh 
hendles an@ stripes ms aluminum. 

The miorcewiteh was ao positioned to @ Gam on the 
shaft of the left-hand switch that, as soon as the switeh 
atarted to move, the ciroult to the timing clock was ¢lesed 
and the eleck began to run. The right-hand switeh was 
wired to a relay # that the cireult to the cloek was 
breken when the switch resehed its designated position. 
This eonneetion was changed for each required set-up so 
that the clock would stop when the required position wae 
reached, The wiring diagras ia illustrated in Figure 6. 

The clock used was of the type in whieh the soter 
runs continuously while the movement of the hands is con- 
trolled by a solencid-operated brake on « friction drive. 
Thus, the effect of inertia in the driving mechaniom ef the 
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Rotary switches 
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Block wiring diagram 
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hands is minimized, 

The power supply was a battery charger whieh 
required an input of 115 Volts a.¢. and whieh had an output 
of 6.5 volte doc. ‘The sloock motor required 115 volts a.c,. 
while the solenoid-operated brake wd tne relay required 
6 volts d.e. 
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PROCEDURE 

In order to facilitate the applieation of the 
experinestal results to actual equipment, an attempt was 
made to present the test problem in a manner which would 
wevendle an application in actual use, Jinee a great 
many switehboard and eontrol] equipment operators are 
seated at their jobs, and since it was desired that the 
effects of physical differences be mininized®, the test 
operators were seated. 

Before beginning the test, each operator was 
asked to fill out an operator data sheet. This deta 
sheet, shown in Appendix ©, Figure 6, was used to insure 
that all operators were free of abnormalities which might 
affeet the results and to aid in tracing down any ineon~ 
sistencies in operator performance which might develop. 

When the sheet had been filled out, the operator 
was asked te be seated in the test ehalr. He was then 
asked to hold his upper arm vertical and against his side 
with his forearm extended at right angles te it. The chair 
was moved se that the tips of the operator's flogers just 
touched the edge of the table. The height of the panel was 
adjusted by means of blocks so that the elbow of the opera- 
ter, with his arm in the position just deseoribed, was ten 
inches below the centerline of the awitches, 
3. Yor a diseussion of physieal differences, see Tufts 

College Institute for Applied Payshology, Nandbook of 
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The operator was then asked te identify the colored 
etripes as the oclors were named, in order to eliminate any 
operators who might be color blind, After this cheek, the 
operator was asked to position each switeh in the red (60 
degree) position, starting «ith the left-hand ewiteh and 
woing only his right hand. The left hand wee not used so 
that all operators would bave the same motion pattern and te 
@liminate the effecta of two-handed operation, In order to 
@liminate the possibility of becoming familiar with one 
ehape of handle, each switeh was provided with a differently- 
shaped handle for the test run. 

The regular runs were then comieneed and were pre- 
sented in a previously-designed random omer as shown in 
Appendix C, Figure 9. The position of the operator at the 
beginning of each run was erect in the chair with his hands 
in his lap. The following set of instructions was read to 
the operator: "The position to whieh the switches are to be 
rotated will be designated by culor, You will use only your 
Fight hand and rotate the switehes only in the clockwise 
@ircetion. You will start with the left-hand awiteh and 
operate the switches from left to right. You are to position 
gach switch acourately in the designated position as rapidly 
as possible, Agouracy is of prime importance, but you should 
werk as rapidly as you think you ean without making errors.” 
4 For a discussion of the paychological aspects of this 

a gage! Peay Ghapanis, A R,, Garner, Wee, aid Morgan, 


OeT., Applied Experimental Psychology, New York, John 
wiley & GORS, Ine, 1949. 
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The desired position of the awitehes was designated 
by Goler and the operator was given the oral order, “Begin”. 
He then raised his right hand from hia leap and advanced it to 
the left-hand ewiteh. The switches were operated from left 
te right and in a cleckwise direction of rotation, At the 
Completion of the run on each handis, the operator was asked 
to relex in the chair while the next handle to be presented 
was installed on the panel, 

Zach operater was required to mam three complete 
tunes and the average of the times was computed to be used for 
analysis purposes, Hach of the three runs was identical. 
That is, the operator was presented with the complete 
sequence of five handles and four angles (as shown on the 
gample date sheet in Appendix C, Figure %) three successive 
tinss, 


ere, 


Tal 


eA 


i ae he 
MAD hae rte 


2 NORAD 


* 
= 
ae 
to” 

Pa 

* 
- 
pa 
' 
e 
#a 


se 5 te ze a ‘ il 3 ' 
en ne ee! « bie SEES 4) fae ai vans i i 


KS ae vey 


NEQUE A BO 472 hit ieee te eee eters ate eee 
» : atin FR recy wait ie Que 2 eee sae 
Rah | ge a, Ey Ta A Ya... na o 

aE WARE oT IR AN ID RSI aN ee, Phe Re RB rete 


AE ty oe Coating dale oabeeme kh @ nk lh 
ie a a j PORTER ge Thal \y Pekan pe, hn BG snish PRY 
— eae yan Hay DRS: 4d ar Oh ire Te shah ff ae rey wt 
ORES os BR 4 ewe & Pat? 


shes Baia oer AN 
i ee er eR b 


ite dee ies, galt sp eee frome Rangel awh 


ty. os 


tA » 


x ae 
BUY : 


Sp “*' 
ts, 


Cea a aa" OF a 


RESULTS 
The overall average times obtained from this 
investigation are shown in Table 1 below. ‘The individual 
operator's average times are shown in Table 2. The actual 
time values obtained for all operators for all handles are 
given in Appendix A, Tables 3, 4 and &, 


so® go® sg uk” 
Handle 1 199.6 ££5.9 259.90 500.3 
Handle 2 174.8 %2£22.8 #40.5 251.3 
Handle 3 199.2 235.5 276.0 317.1 
Handle 4 187.4 221.0 251.7 896.6 
Handle 3 186.6 236.6 275.5 315.0 

Table 1. 
ths peace atk deeediel 

4n examination of Table 1 shows that handle #2 
required the least time for ali angles of rotation exeept 
60°, Handle /4 required the least time for 60° and the 
second lowest time for 90° and 120°, iandle #3 required the 
most time for all angles exeept 60° where it required next 
to the highest time, 

Gurves based upon the data contained in Tabvle 1 
are shown in Figure 7. The curves were fitted by the sethod 
of least squares and the equations are given in Appendix 3. 
Examination of the curves shows that, for all angles of 
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Handle J) Handle g& 
0° 0° vo? azo? “To.” 0° 00° 90° 
233 240 261 326 2h 194 255 262 
225 225 £54 269 2 184 246 206 
ive 213 236 Bll OS 168 199 222 
207 233 249 3124 185 220 275 
183 280 290 3098 176 274 «262 
A7S 255 242 086 182 197 202 
205 232 290 335? 203 261 #82 
164 209 247 Bey) 8 167 215 287 
200 23% 295 365 (9 107 231 220 
146 169 203 264 10 155 195 195 
215 267 299 342 12 204 260 279 
172 205 238 279 12 137 176 208 
161 187 226 £17 13 147 172 192 
las e26 285 276 14 172 #22 207 
206 217 322 362 15 191 230 270 

Table &. 


Average time values for all runs. 
(in hundredths of a seecnd) 
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Table 2, 
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rotation, handle (2 required the least time and handle 74 
required the second lowest tine. The other threes handles 
required the highest tines. — 

A atatistieal analysis of the date (see Appendix 
B, Table 10) obtained for each of the individual angles of 
rotation showed significant variances among operators and 
anong handles, The variance among operators was consistently 
muoh higher thas that among handles, whieh was to be expected 
@ue to individual differences in people. 

For the complete data (vee Appendix 8, Table 11), 
the variances among handles and the variances among operators, 
for all angles of rotation, were highly elgnificant. The 
overall variance among angles of retation was highly eignif- 
jeant although the interaction among handles ani angles of 
rotation was significant only above the 3% level, The 
interaction emong operators and handles and the interaction 
anong operators and angles of rotation were both significant. 
The significances mentioned above are all at the 1% level 
wileas otherwise stated, 
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The analyeia of the data indieates thet there is 
an optioum shape of handle for minioum operating time for 
switches under the eenditions prevalent in this investigation, 
An @xamination of the plotted dota leads to the belief that, 
in these situations requiring turning @ switeh hendle to a 
apecifie point, the round siaped handie provides for the 
highest operating times while the generally reotangular 
shape provides for the lewest tines. It ia probable that 
those shapes wore nearly resembling a pointer provide « 
better indication of position than the round shape with only 
an index mark. 
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APPENDIX A. 
TINES REQIRED BY BACH OPERATOR 
TO PEAFORM THE SWITCHING OPERATIONS 
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APPENDIX B. 
CALCULATIONS UGED In 
TEZ BVALOATION OF THE DATA 


For the purpose of analysis, the data in Table 2 
were separated for each angle of rotation. The data in 
each group were simplified for computation by subtracting 
the same amount from each value in the group and arranged 
as shown in tables 6, 7, & and 9. 

Each column was then totaled and the individual 
column totals labeled X,, X,:, X,, Ky, and ae The grand 
total of all data in the table was labeled Z. Each value in 
the table was squared and the sum of the squares labeled r*, 
Hach row was totaled and the individual row totals labeled 
Yi, ¥g. Ys, md so on up to Yis° 

The total variation, Q, was computed by means of 
the formula Q = 7 . a » where k is the number of columns 
and m is the number of rows. 

The variation among column means, Qs was computed 


by means of the formula Q, = 1 (i 4 Xe 4 XG 4 XG ¢ XB) -z- 
ro ; 


The variation among row means, Q,, Was computed by 


means of the formule Q * 2 (Xi 4 Ip 4 ¥ - se #%s) -Z 


The residual variation, Qe» was computed by means 
of the formula Q, = 2-4, - & + 

The colwan to column variance, o, was computed 
by means of the formula of = Q, + (K-l). The row to row 
variance, o, was computed by means of the formula 
on = Gp + (m-1). The residual variance, ee, was computed 


by means of the formula oF # Q * (k-1) (m1). 
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The ¥ values for the variances between rows ond 
between columms wore computed by dividing the variances, 
respectively, dy the residual variance. These 7 values were 
then compared with the Fog and Fo; values from a table of 
¥ distribution for the proper dsgrees of freedon®, 

in like manner the variation, variance, and fF 
Values for total variation among handles, tetal variation 
among operators, total variation among angles of rotetion, 
interaction between handles and angles of rotation, inter~ 
action between operators and handles, ani interastion between 
operators and angles of rotation were computed and compared 
with the Fdistribution teble. <All computed values are 
given in Tables 10 and ll. 

The average tines required by all operaters for 
each handle and for each angle of rotation were computed, 
Bquations for lines cf beat Tit te the data were somputed 
by the method of least aquares and were plotted as shown 
in Figure 7. The computed equations are: 

Handle #1 y @ 16,0652 # 1.218 x 

Handle #2 ¥s 9.505 # 1.150 x 

Handle #3 ¥ = 24.320 % 1,343 x 

Handle #4 y @ 15.417 + 1,196 =x 

Handle #5 y = 15.053 ~ 1.454 =x 


S, Snedecor, GeW., Statietioal Methods Applied to Experiments 
fe seserere and Biology, Ames, Iowa, Sollegiate Press, 
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Table 6. 
Computation data for 30° rotation. 
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Computation data for 60° rotation. 
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Gomputation data for 90° rotation. 
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Computation data for 120° rotation. 
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Figure 9. 
Sample data sheet. 
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